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© Gradation correction method and apparatus. 



© A gradation correction apparatus for processing R, G, and B input signals includes a luminance signal 
conversion device for obtaining the original luminance signal, which is before gamma conversion, from the input 
f^l signals, a luminance gamma conversion device for gamma converting the original luminance signal to the 
^ desired gradation characteristics to obtain a gamma converted luminance signal, a correction coefficient 
calculation means for obtaining a ratio of the gamma converted luminance signal to the original luminance signal, 
§ a first RGB operation means for multiplying the ratio by each of the R, G, and B input signals for obtaining 
^ primary gradation-corrected R, G, and B signals; a color difference signal operation means for producing a 
^ difference between each of the R, G, and B input signals and the original luminance signal; a second RGB 
(V) operation means for adding the gamma converted luminance signal to each of the difference for obtaining 
LQ secondary gradation-corrected R, G, and B signals; and an RGB determination means for obtaining final 




gradation-corrected R, G, B signals based on the primary and secondary gradation-corrected R, G, and B 
signals. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a gradation conversion method for video signal processing, and is 
particularly suitable for adjusting the brightness of a video input signal in a video camera or video hard copy 
printer. 

2. Description of the Prior Art 

10 

With recent advances in hard copy printing technologies, and particularly hard copy color printing 
technologies, it has become possible in the last few years to produce hard copy printouts of video and 
computer images with high-fidelity reproduction of source image colors using subliminal heat transfer 
printing and other printing technologies. By using new recording materials and image processing tech- 

75 niques, including high definition television technologies, the resolution and color reproducibility of these 
hard copy printouts now approach that of conventional silver halide photographic media. 

Even the best printers, however, have a limited dynamic color range that compares unfavorably with the 
dynamic range of a CRT by a factor of ten or more. It is therefore possible to obtain color printouts with 
color characteristics comparable to those of the CRT only when the dynamic range of the video input signal 

20 does not exceed the dynamic range of the printer, and the dynamic range is used to the maximum. These 
limitations have led to the development of specific automatic gain control and black level correction 
methods (Japanese Laid-Open Patent Publication No. S62-209671) to improve print quality. 

When adjusting image brightness in a television receiver, a luminance signal offset value is normally 
provided to control the image brightness by shifting the luminance signal level. This method is effective 

25 when used with a CRT or other display device having a wide dynamic range, but is not as effective when 
applied in a printer. This is because the dynamic range of the image normally exceeds the dynamic range 
of the printer. Any shift in the brightness level is thus limited by the maximum ink density (when adjusting 
for a darker image) and the maximum brightness of the print medium (when adjusting for a lighter image). 
Brightness adjustment therefore causes a loss of image information, and results in reduced image quality, 

30 A different method, which changes the gradation characteristics of the image without changing the 
dynamic range of the image, is therefore used. Specifically, the gradation characteristics are adjusted by 
controlling the brightness histogram of the image and achieve an effective visual change in image 
brightness. 

As shown in Fig. 11(A), this is achieved by changing the gradation characteristics using gamma 

35 conversion of the RGB or luminance signals. To make the image appear brighter, the brightest and darkest 
parts of the image are left unchanged while the intermediate levels are adjusted along a smooth curve with 
enhanced brightness. The histogram of image brightness is thus shifted to an increased brightness level 
without changing the dynamic range of the image, and the image appears "brighter" to the viewer. 
Another application of this technology is backlighting compensation in a video camera. 

40 When a subject is recorded against a bright background by a video camera, the lens iris is opened 
more than usual to increase amount of light from the subject. As shown in Fig. 11 (B), this results in a 
saturated, white background with no brightness gradations (tones). Gamma conversion is also an effective 
means for achieving brighter intermediate tones by changing the gradation characteristics when recording 
under strong backlighting conditions. 

45 These conventional gradation correction methods function effectively with monochrome (gray scale) 
images, but the hue and chromaticity (saturation) are also changed when these methods are used to adjust 
the brightness in color images. 

Fig. 12 is a graph of the output signals obtained when conventional gamma conversion gradation 
correction is applied to the RGB signals. In this example the RGB signal values Of the input signal are, 

so respectively, 0.3, 0.4, and 0.5. In Fig. 12 (A) the image is made brighter. Each of the RGB gradations is 
converted, the values are greater than those of the input signal, and the image appears brighter. However, 
the R:G:B ratio of the output signal is different from that of the input signal. The hue and saturation are 
therefore changed, and the colors are not high-fidelity reproductions of the input image colors. There is a 
particular drop in saturation because the ratio is now closer to 1:1:1. 

55 A similar result is obtained when the gradation is changed to reduce the RGB signal values for a darker 
image as shown in Fig. 1 2 (B). The R:G:B ratio of the input and output signals is again different with the 
increased ratio resulting in a pronounced, unnatural increase in saturation. 
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As described above, the problem with this conventional method of adjusting color image brightness by 
changing the gradation characteristics and brightness histogram of the image is that the hue and saturation 
of the image are also changed. 

Fig. 13 is a graph of gradation correction applied to the luminance signal to brighten the image when 
5 the video signal comprises a luminance signal and color difference signals input. 

As in the above example, the input signal values are R = 0.3, G = 0.4, and B = 0.5. In the NTSC 
format, the luminance signal is thus Y = 0.3R + 0.59G + 0.1 1B = 0.381, and the color difference signals 
are R-Y = -0.081 and B-Y = 0.119. 

The brightness of intermediate tones is, of course, changed because the gradation characteristics of the 
10 luminance signal are changed with this method, but the hue and saturation are also changed in the same 
way as the gradation characteristics of the separate RGB signals are changed. To obtain a brighter 
corrected image, the value of the converted luminance signal is greater than that of the input signal, and the 
amplitude of the color difference signal is left unchanged. Therefore, the reconverted RGB signal compo- 
nent values are R = 0.404, G = 0.504, and B = 0.604, the R:G:B signal ratio is different from that of the 
75 source image and approaches 1:1:1, and the hue again changes and the saturation drops. 

Another method makes it possible to keep the color signal ratio constant, but when gradation correction 
is applied to a pixel with a high luminance signal value and the R:G:B ratio is kept constant, the image 
reproduction range (e.g., R, G, B £ 1) is exceeded, and the hue and saturation of the reproduced image 
again become unnatural. 

20 U.S. Patent application Serial No. 07/772,559 of Haruo YAMASHITA et al. filed October 7, 1991, entitled 

"Gradation Correction Method and Device" and assigned to the same assignee as the present application 

relates to the present invention. 

As described above, the problem with each of the above methods, i.e., gradation correction of the 

separate R, G, B signals, gradation conversion of the luminance signal, and color signal conversion of high 
25 luminance pixels while maintaining a constant color signal ratio, is that it is not possible to only adjust the 

brightness without also changing image colors. 

SUMMARY OF THE INVENTION 

30 Therefore, an object of the present invention is provide a gradation correction method and apparatus for 
effective brightness adjustment within the dynamic range of the image without changing the hue or 
saturation characteristics of the image. 

To achieve this object, a gradation correction apparatus according to a first embodiment comprises: a 
luminance signal conversion means for obtaining the original luminance signal, which is before gamma 

35 conversion, from the input signals; a luminance gamma conversion means for gamma converting said 
original luminance signal to the desired gradation characteristics to obtaining a gamma converted luminance 
signal; a correction coefficient calculation means for obtaining a ratio of the gamma converted luminance 
signal to the original luminance signal; a first RGB operation means for multiplying said ratio by each of the 
R, G, and B input signals for obtaining primary gradation-corrected R, G, and B signals; a color difference 

40 signal operation means for producing a difference between each of the R, G, and B input signals and the 
original luminance signal; a second RGB operation means for adding the gamma converted luminance 
signal to each of said difference for obtaining secondary gradation-corrected R, G, and B signals; and an 
RGB determination means for obtaining final gradation-corrected R, G, B signals based on said primary and 
secondary gradation-corrected R, G, and B signals. 

45 A gradation correction apparatus according to a second embodiment comprises: a luminance signal 
conversion means for obtaining the original luminance signal, which is before gamma conversion, from the 
input signals; a luminance gamma conversion means for gamma converting said original luminance signal 
to the desired gradation characteristics to obtaining a gamma converted luminance signal; a correction 
coefficient calculation means for obtaining a ratio of the gamma converted luminance signal to the original 

so luminance signal; a means for producing first and second original color difference signals; a color difference 
conversion means for multiplying each of said first and second color difference signals said ratio for 
obtaining first and second primary gradation-corrected color difference signals; a color difference deter- 
mination means for obtaining first and second final gradation-corrected color difference signals based on 
said first and second primary gradation-corrected color difference signals and said first and second original 

55 color difference signals. 

A gradation correction apparatus according to another embodiment comprises: a luminance signal 
conversion means for obtaining the original luminance signal, which is before gamma conversion, from the 
input signals; a luminance gamma conversion means for gamma converting said original luminance signal 

4 
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to the desired gradation characteristics to obtaining a gamma converted luminance signal; a correction 
coefficient calculation means for obtaining a ratio of the gamma converted luminance signal to the original 
luminance signal; a means for producing a two-phase modulated original chroma signal; a chrominance 
conversion means for multiplying said original chroma signal with said ratio for obtaining primary gradation- 
5 corrected chroma signals; a chrominance determination means for obtaining final gradation-corrected 
chroma signal based on said primary gradation-corrected chroma signal and said original chroma signal. 

Operation of the first embodiment 

10 A gradation correction apparatus according to the first embodiment of the invention obtains the 
luminance signal of the RGB input signals before gamma conversion by means of the luminance signal 
conversion means, applies gradation conversion of the specific desired characteristics to the obtained 
luminance signal, and obtains the luminance signal after gamma conversion by means of the luminance 
gamma conversion means. The correction coefficient calculation means obtains the ratio (correction 

75 coefficient) of the luminance signal after gamma conversion to the luminance signal before gamma 
conversion. The first RGB operation means then multiplies this correction coefficient by each of the RGB 
input signals to obtain the first gradation-corrected RGB signals. 

The color difference signal operation means obtains the pre-gamma conversion color difference from 
the RGB input signals and the luminance signal before gamma conversion, and the second RGB operation 

20 means adds the pre-gamma conversion color difference to the luminance signal after gamma conversion to 
obtain the second gradation-corrected RGB signals. 

The RGB determination means obtains and outputs the final gradation-corrected RGB signals based on 
the obtained first and second gradation-corrected RGB signals. As a result, the gradation correction 
apparatus can apply gradation conversion to the RGB input signals to obtain the desired gradation 

25 characteristics in the luminance component with minimal change in the hue and saturation characteristics of 
the image signal. 

Operation of the second embodiment 

30 A gradation correction apparatus according to the second embodiment of the invention applies 
gradation conversion of the specific desired characteristics to the luminance signal component of the video 
input signal by means of the luminance gamma conversion means, and obtains the luminance signal after 
gamma conversion as the output luminance signal. The video input signal in this embodiment comprises 
the luminance signal and two color difference signals or a chroma input signal. 

35 The correction coefficient calculation means obtains the ratio (correction coefficient) of the luminance 
signal after gamma conversion to the luminance signal before gamma conversion. The color difference 
conversion means then multiplies this correction coefficient by each of the two color difference or chroma 
input signals to obtain the color difference conversion signals. 

The color difference determination means then obtains the output color difference or chroma signal 

40 based on the color difference conversion signals and the color difference or chroma input signals. As a 
result, the gradation correction apparatus can apply gradation conversion to the luminance and two color 
difference or chroma input signals to obtain the desired gradation characteristics in the luminance 
component with minimal change in the hue and saturation characteristics of the image signal. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood from the detailed description given below and 
the accompanying diagrams wherein: 

Fig. 1 is a block diagram of a gradation correction apparatus according to the first embodiment of the 

so invention, 

Fig. 2 is a graph of the gamma conversion means characteristics, 
Fig. 3 is a graph of the correction coefficient operation means characteristics. 
Fig. 4 is a diagram of the structure of the correction coefficient operation means, 
Fig. 5 is a table of the page information conversion means characteristics, 

55 Fig. 6 is a diagram of the structure of the first RGB operation means in the first embodiment of the 
invention, 

Fig. 7 is a diagram of the structure of the second RGB operation means in the first embodiment of the 
invention, 
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Fig. 8 is a diagram of the structure of the RGB determination means in the first embodiment of the 
invention, 

Fig. 9 is a graph of the interpolation ratio characteristics. 

Figs. 10(A) and 10(B) are each a block diagram of a gradation correction apparatus according to the 
5 second embodiment of the invention, 

Figs. 11(A) and 11(B) are each a graph used to describe the gradation conversion characteristics, 

Figs. 12(A) and 12(B) are each a graph of the gradation correction characteristics of a conventional 
. method applied to RGB signals, and 

Fig. 13 is a graph of the gradation correction characteristics of a conventional method applied to the 
w luminance signal component of an image signal. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The preferred embodiments of a gradation correction method and apparatus according to the present 
75 invention are described below with reference to the accompanying figures, of which Fig. 1 is a block 
diagram of a gradation correction apparatus according to the first embodiment of the invention. This first 
embodiment is a gradation correction apparatus which outputs gradation-corrected RGB signals for a video 
signal input as RGB signals. 

Referring to Fig. 1, the RGB input signals are input from the R, G, and B input terminals 1, 2, and 3, 
20 respectively, to the luminance signal conversion means 4, first RGB operation means 8, and the color 
difference signal operation means 9. 

The luminance signal conversion means 4 receives the RGB input signals and produces the luminance 
signal Y before gamma conversion. The luminance gamma conversion means 5 applies the desired 
gradation conversion to the luminance signal Y, and outputs the luminance signal Y' after gamma 
25 conversion. The setting means 6 is used to set the desired gradation conversion which is applied to the 
luminance gamma conversion means 5. The correction coefficient calculation means 7 calculates a ratio 
(correction coefficient K) of the luminance signal Y' after gamma conversion to the luminance signal Y 
before gamma conversion. 

The first RGB operation means 8 multiplies the correction coefficient K by each of the RGB input 
30 signals to obtain the first gradation -corrected RGB signals (Ri \ Gi \ Bi '). 

The color difference signal operation means 9 obtains the color difference signals (R-Y), (G-Y), and (B- 
Y) from the RGB input signals and the luminance signal Y before gamma conversion. 

The second RGB operation means 10 adds the luminance signal Y after gamma conversion to each of 
the three color difference signals (R-Y), (G-Y), and (B-Y) output by the color difference signal operation 
35 means 9 to obtain the second gradation-corrected RGB signals (R 2 \ G 2 \ B 2 f ). 

The RGB determination means 11 calculates the final RGB output signals (R\ G', B') from the first 
gradation-corrected RGB signals (Ri \ Gi Bi ') output by the first RGB operation means 8 and the second 
gradation-corrected RGB signals (R 2 \ G 2 \ B 2 ') output by the second RGB operation means 10, and outputs 
the final RGB output signals (R', G\ B f ) from the R\ G', and B' output terminals 12, 13, and 14, 
40 respectively. 

The luminance signal conversion means 4 functions to calculate the luminance signal Y from the RGB 
signals according to the sensitivity characteristics of the human eye. The conversion characteristics may 
vary with the hue of the primary colors red, green, and blue, but are defined in the first embodiment by 
equation (1) below. 

45 

Y = 0.3R + 0.59G + 0.11B (1) 

The luminance signal Y' after gamma conversion is produced from the luminance gamma conversion 
means 5 which applies the desired gradation conversion to the luminance signal Y defined by equation (1 ). 
so If the gamma conversion characteristic that changes the gradation characteristics of the luminance signal is 
defined as a function f. the luminance signal Y' after gamma conversion can be expressed by equation (2). 

r = f(Y) (2) 

55 Normally this function f is defined to change the curve of the intermediate tones without changing the 
maximum and minimum luminance values (i.e., black and the brightest luminance levels), resulting in a 
curve similar to those shown in Fig. 11(A). The function f is therefore defined by equation (3) below in the 
present embodiment. 
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f(Y) = Y 8 (3) 

where g is the gamma conversion coefficient supplied to the luminance gamma conversion means 5 by the 
5 setting means 6. 

Fig. 2 is a graph of the gamma conversion characteristics used to change the luminance of intermediate 
tones based on equation (3). When the overall image brightness is to be increased, the setting means 6 
supplies a gamma conversion coefficient g less than one (g<1); a gamma conversion coefficient g greater 
than one (g>1) is used to decrease image brightness. The image brightness is not changed when the 
70 setting means 6 outputs a gamma conversion coefficient g of one (g = 1) to the luminance gamma 
conversion means 5. 

The correction coefficient calculation means 7 then obtains the ratio (correction coefficient K) of the 
luminance signal Y* after gamma conversion to the luminance signal Y before gamma conversion. The 
correction coefficient K can be obtained from the luminance signal Y before gamma conversion by applying 
75 equation (4) because Y* is a function of Y as shown in equations (2) and (3) above. 

K = Y7Y 
= f(Y)/Y 
= Y9/Y 
20 = Y9- 1 (4) 

The relationship between the luminance signal Y and the correction coefficient K output by the 
correction coefficient calculation means 7 is shown in Fig. 3. 

As shown in Fig. 4, the correction coefficient calculation means 7 comprises a gamma conversion 

25 coefficient input terminal 15, luminance input terminal 16, page information conversion unit 17, a ROM 18 
having 12-bit address input and 8-bit data output, and a correction coefficient output terminal 19. The lower 
8-bit inputs (Ao-A 7 ) are used for the luminance information Y, and upper 4-bit inputs (Ag-Au) are used for 
the page information. Therefore, ROM 18 has 2* =16 pages with each page representing each value of g, 
as shown in Fig. 5, and each page has 2 s =256 data determined by the luminance information Y. 

30 The gradation conversion characteristics are selected by converting the gamma conversion coefficient g 
output from the setting means 6 to 4-bit page information by the page information conversion unit 17, and 
applying this to the upper address of the ROM to change the table. The relationship between the values of 
the gamma conversion coefficient g and the page information is shown in the table in Fig. 5. 

The structure of the first RGB operation means 8 is shown in Fig. 6. As shown, the first RGB operation 

35 means 8 comprises R, G, and B input terminals 20, 21, and 22, respectively, a correction coefficient K input 
terminal 23, multipliers 24, 25, and 26, and Ri \ Gi \ and Br output terminals 27, 28, and 29, respectively. 
The first RGB operation means 8 functions to multiply each of the RGB input signals by the correction 
coefficient K from the correction coefficient calculation means 7 to calculate the first gradation-corrected 
RGB signals (Rr, Gi\ and Bi') as defined by equations (5), (6), and (7). 

40 



Ri ' 


= KR 


(5) 


Gr 


= KG 


(6) 


B,' 


= KB 


(7) 



The luminance of the first gradation-corrected RGB signals is Y\ and the relationship shown in equation 
(8) can be calculated from the relationship shown in equation (4). 

so Y' = KY (8) 

Thus, equation (9) can be obtained from equations (5) through (8). 

Y / y 
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Gj-Y' 
Y' 



G-Y 



10 



B-Y 



(9) 



As shown by these equations, the luminance of the first gradation-corrected RGB signals (RO GO and 
BO is K-times greater than the luminance of the RGB signals (R, G, B) before correction, and the ratio 
75 between the luminance and color difference values is unchanged. 

The color difference signal operation means 9 calculates the difference between the RGB input signals 
and the luminance signal before gamma conversion, i.e., the values (R-Y), (G-Y), and (B-Y). 

As shown in Fig. 7, the second RGB operation means 10 comprises the color difference signal input 
terminals 30, 31 and 32 for (R-Y), (G-Y) and (B-Y) signals, respectively, a Y' input terminal 33 through which 
20 the luminance signal Y f after gamma conversion is input, adders 34, 35, and 36, and terminals 37, 38, and 
39 for producing the second gradation-corrected RGB signals R2\ G2', and B 2 \ respectively. The second 
gradation-corrected RGB signals R2*. G2*. and B 2 ' are obtained by adding the luminance signal Y f after 
gamma conversion to the input color difference signals (R-Y), (G-Y), and (B-Y) as shown in equation (10) 
below. 

25 

R 2 ' = R - Y + Y' 
G2* = G - Y + Y' 
B 2 ' = B- Y + Y* (10) 

30 The relationship between the color difference values after gradation correction can be obtained from 
equation (10) and expressed as equation (11). 

R 2 * - Y' = R-Y 
G 2 * - Y' = G - Y 
35 B 2 * - Y' = B - Y (11) 

As shown by these equations, the luminance of the second gradation-corrected RGB signals is K-times 
greater than the luminance of the source RGB signals (R, G, B) before correction, but the color difference 
values are unchanged. 

40 The structure of the RGB determination means 1 1 is shown in Fig. 8. The RGB determination means 1 1 
comprises input terminals 40 for the luminance signal Y, input terminals 41 , 42 and 43 for first gradation- 
corrected RGB signals RO GO and Br, respectively, and input terminals 44, 45, and 46 for second 
gradation-corrected RGB signals R 2 \ G 2 \ and B 2 \ respectively, an RGB interpolator 47, and output 
terminals 48, 49, and 50 for the R\ G\ and B' signals, respectively. 

45 The RGB interpolator 47 calculates and outputs the RGB signals (R\ G\ and B') after gradation 
correction by interpolating the first gradation-corrected RGB signals RO GO and Br from terminals 41, 42, 
and 43, and the second gradation-corrected RGB signals R 2 \ G 2 \ and B 2 * from terminals 44, 45, and 46, 
respectively, depending on the value of the luminance signal before gamma conversion. More specifically, 
the RGB signals (R\ G\ B*) after gradation correction are obtained by the interpolation by the ratio p:(1-p) 

50 between the first and second gradation-corrected RGB signals (RO GO Bi") and (R 2 \ G2\ B 2 *), respec- 
tively, as defined by equation (12). 

R' = pRr + (1-p)R 2 ' 
G' = pQ, f + (1-p)G 2 ' 
55 B' = pBt' + (1-p)B 2 ' (12) 

wherein p is an interpolation ratio and is 0£p£1 . 
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The interpolation ratio p used in equation (12) is set, for example, according to equation (13). 

If 0 £ Y £ on , then p = 0 
If ai £ Y < a 2 , then p = (Y - an ) / (a 2 -on ) 
5 If a2 £ Y < 0i , then p = 1 

If /3i £ Y < then p = (Y - 0 2 ) / (j3i -fe) 
If 02 ^ Y ^ 1, thenp = 0 (13) 

Fig. 9 is a graph of the interpolation ratio p set by equation (13). The input pixels are classified 
10 depending on the luminance signal Y before gamma conversion as intermediate luminance pixels 
(a 2 £Y<0i), extremely low luminance pixels (CteY<ai), extremely high luminance pixels (0 2 ^Y£1), slightly low 
luminance pixels (ai^Y<a 2 ), and slightly high luminance pixels (0i^Y<0 2 ). The first gradation-corrected 
RGB signals (FV, Gr, Br) are output for the intermediate luminance pixels, the second gradation-corrected 
RGB signals (R 2 \ G2*. B 2 ') are output for the extremely low and extremely high luminance pixels, and the 
75 gradation-corrected RGB signals (R\ G, B') calculated by interpolation between the first and second 
gradation-corrected RGB signals are output for the slightly low and slightly high luminance pixels. In 
equation (13), the internal ratio p is set depending on luminance signal Y, but the same can be set 
depending on Y\ 

Why the gradation correction apparatus according to the present invention can apply gradation 
20 correction of the luminance component according to the desired gradation characteristics with little or no 
change in the hue and saturation characteristics of the image is described below. 

The luminance of both the first gradation-corrected RGB signals (Ri\ Gr, BO and the second 
gradation-corrected RGB signals (R2\ G 2 \ B 2 ') is Y\ which is the luminance of the signal obtained by 
applying gamma conversion to the luminance input signal Y to obtain the desired gradation characteristics. 
25 The following relationship (equation (14)) between the first gradation-corrected RGB signals (FV, Gi\ 
BO and the second gradation-corrected RGB signals (R 2 \ G 2 ', B 2 ') can be derived from equations (9), (4), 
and (11). 

Ri ' - Y' = (Y f /Y)(R-Y) 
30 = K(R-Y) 

= K(R 2 f - Y") 

Gi ' - r = K(G 2 ' - Y f ) 

Bi ' - Y' = K(B 2 ' - Y') (14) 

05 Because the characteristics of the correction coefficient K are as shown in Fig. 3, the relationship 
between the magnitude of the color difference in (FV, Gi \ BO and (R 2 \ G 2 ', B 2 ') can be expressed by 
equation (15). 
If 

40 g < 1 , 
then 

(Ri'-Y')>(R 2 '-Y'), (GOYXGz'-Y'), (Bi '-Y')>(B 2 , -Y'). 

45 

If 

g> 1. 

so then 

(Ri , -Y')<(R 2 , -Y'), (Gt '-Y , )<(G2 , -Y , ) ( (Bi , -r)<(B 2 , -Y'). (15) 

In addition, the relationship between the magnitude of the luminance signal Y before gamma conversion 
55 and the luminance signal Y f after gamma conversion can be expressed by equation (16) based on Fig. 2. 
If 

g < 1, 
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then 
Y > Y. 

5 

If 

g > 1, 
w then 

Y f < Y. (16) 

From equations (15) and (16), the relationship between the magnitude of the color difference in (FV, 
75 Gi \ Br) and (FV, G 2 \ B 2 ') can be expressed by equation (17). 
If 

r > Y, 
20 then 

(Rr-Y 1 )>(R2 , -Y'), (Gr-Y f )>(G 2 , -Y f ), (B, '-YXBz'-Y'). 
If 

25 

Y ? < Y, 
then 

30 (Ri '-Y'^fFV-Y'), (Gi , -Y , )<(G 2 , -Y , ) t (Bi , -Y , )<(B 2 , -Y , V (17) 

In other words, when gradation correction is applied to increase the luminance, the color difference of 
the first gradation-corrected RGB signals (Ri\ Gi\ Br) is greater, and when gradation correction is applied 
to decrease the luminance, the color difference of the second gradation -corrected RGB signals (R2*. G 2 \ 
35 B 2 ') is greater. 

When the image is corrected to be brighter (Fig. 12(A)) using a conventional gradation correction 
apparatus, saturation drops because the color difference in the resulting signal is small. With the gradation 
correction apparatus according to the present invention, however, the first gradation-corrected RGB signals 
are output for intermediate luminance pixels, thus preventing saturation loss by maintaining the color 
40 difference ratio. In addition, when the image is corrected to be darker (Fig. 12(B)) using a conventional 
gradation correction apparatus, the color difference is increased, resulting in an unnaturally high saturation 
level. This is also prevented by the gradation correction apparatus of the present invention, because the first 
gradation-corrected RGB signals are output for intermediate luminance pixels and the color difference ratio 
is maintained. 

45 As shown by equation (17), the color difference increases when the image is corrected to a higher 
luminance level with the first gradation-corrected RGB signals (Ri \ Gi Bi *). As a result, when the 
luminance level of high luminance pixels is increased, the luminance level of the RGB output signal 
exceeds one, the signal cannot be reproduced, and the hue value changes. To prevent this, the second 
gradation-corrected RGB signals (R 2 ' f G 2 \ B 2 ') are output for pixels with an extremely low or extremely 

so high luminance level. Because the second gradation-corrected RGB signals (R 2 \ G 2 \ B 2 f ) result in a 
smaller color difference than the first (Ri \ Gi \ Bi '), the RGB output signal can be held within the range of 
reproducible values (0 £ R.G.B £ 1), and a change in hue can be prevented. 

In addition, because the RGB output signal for pixels with a slightly low or slightly high luminance level 
is obtained by interpolation based on the first gradation-corrected RGB signals (Ri\ Gi\ Bi ') and the 

55 second gradation-corrected RGB signals (R2 f , G 2 \ B 2 '), false contours caused by sudden changes in the 
color difference can be prevented in pixels for a gradual change in luminance. 

Fig. 10(A) is a block diagram of a gradation correction apparatus according to a second embodiment of 
the invention. This gradation correction apparatus outputs the gradation-corrected luminance signal Y' and 
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two color difference output signals (R'-Y') and (B'-Y') for a video input signal comprising a luminance input 
signal Y and two color difference input signals (R-Y) and (B-Y). As shown in Fig. 10(A). this gradation 
correction apparatus comprises a luminance signal Y input terminal 51, (R-Y) color difference signal input 
terminal 52, (B-Y) color difference signal input terminal 53, a color difference conversion means 54, color 

5 difference determination means 55, and the output luminance signal Y' terminal 56 and output color 
difference signal terminals (R'-Y*) and (B'-Y 1 ) 57, and 58, respectively. 

The luminance gamma conversion means 5, setting means 6, and correction coefficient calculation 
means 7 in this second embodiment are the same as those of like reference numbers in the first 
embodiment described above. The luminance gamma conversion means 5 applies the desired gradation 

w correction set by the setting means 6 to the input luminance signal Y, and the correction coefficient 
calculation means 7 obtains and outputs the ratio (correction coefficient K) of the corrected luminance signal 
Y f to the input luminance signal Y by means of the structure shown in Fig. 4. 

The color difference conversion means 54 multiplies the correction coefficient K by each of the two 
color difference input signals (R-Y) and (B-Y) to obtain the first gradation-corrected color difference signals 

75 (Ri 1 - Y') and (Bi ' - Y') as defined by equation (18). 

Rr - Y' = K(R - Y) 

Br - Y = K(B - Y) (18) 

20 Because the luminance signal Y' after gradation correction can be expressed as a function of the input 
luminance signal Y as shown in equation (8), substituting these values in equation (18) results in equation 
(19). As a result, there is no change in the color signal ratio before and after gradation correction in the first 
gradation-corrected color difference signals. 

25 Rr = KR 

Br = KB (19) 

The color difference determination means 55 determines the color difference output signals (R' - Y') 
and (B* - Y') depending on the input luminance signal Y as shown in equation (20) from the first gradation- 
30 corrected color difference signals (Ri * - Y') and (Bi ' - Y') and the input color difference signals (R-Y) and 
(B-Y). 

R'-Y* = p(Rr- YD + (1-p)(R-Y) 

B' - Y f = p(Bi* - Yi ') + (l-p)B'(B-Y) (20) 

35 

The interpolation ratio p used in equation (20) is set according to equation (13). 

Similarly to the gradation correction apparatus according to the first embodiment of the invention 
described above, a gradation correction apparatus according to the second embodiment can also prevent 
saturation loss when the luminance level is increased and oversaturation when the luminance level is 

40 decreased by outputting the first gradation-corrected color difference signals (Ri ' - Y') and (Bi ' - Y') for 
intermediate luminance level pixels to maintain the same color difference ratio. In addition, the input color 
difference signals (R-Y) and (B-Y) are output for pixels with an extremely low or high luminance level to 
suppress the color difference smaller than (Ri* - Y') and (Bi' - Y') when the image luminance is corrected to 
be brighter. The color difference output signal is therefore held to within the range of reproducible values (0 

45 £ R.G.B £ 1), and a change in hue can be prevented. 

In addition, because the color difference output signal for pixels with a slightly low or slightly high 
luminance level is obtained by interpolation based on the input color difference signals (R-Y) and (B-Y) and 
the corrected color difference signals (Ri 1 - Y') and (Bi 1 - Y), false contours caused by sudden changes in 
the color difference can be prevented in pixels for a gradual change in luminance. 

so It is to be noted that while the color difference signals (R-Y) and (B-Y) are used in this embodiment 
described above, the same results are obtained using the amplitude-normalized values P B and P R of these 
signals, and gradation correction can be provided with the same structure using two phase-modulated 
chroma signals except that processing becomes a single system, as shown in Fig. 10(B). Provided in the 
circuit of Fig. 10(B) are a device for producing a two-phase modulated original chroma signal C, a 

55 chrominance signal conversion means 64 for multiplying the original chroma signal C with the ratio K for 
obtaining a gradation-corrected chroma signal Ci\ a chrominance determination means 65 for obtaining 
final gradation-corrected chroma signal C based on the primary gradation-corrected chroma signal Ci f and 
the chroma signal C. 
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A function of Y 9 is used for gamma conversion in both the first and second embodiments of the 
invention, but a more open non-linear function can be substituted for this function with no adverse effects. 
Furthermore, a ROM table is used for the correction coefficient operation means with the table contents 
selected by the setting means, but RAM and a CPU can also be used to recalculate the table contents 

5 during start-up and when updating the table contents. It is also possible to eliminate the tables and calculate 
in hardware the contents (values) obtained by the equations described in the above embodiments. Finally, it 
should be noted that a suitable limiting means is required in a practical embodiment of the invention 
because extremely large values are obtained by the correction coefficient calculation equations shown in 
the above embodiments when the luminance component approaches zero (0). 

10 As described hereinabove, a gradation correction apparatus according to the first and second embodi- 
ments of the invention enables effective brightness adjustment and gradation correction without changing 
the hue and saturation characteristics of the input image and without exceeding the dynamic range of an 
RGB input, luminance and color difference signal input, or luminance and chroma signal input device with 
which the gradation correction apparatus is applied. As a result, the gradation characteristics of the 

rs luminance component of the image can be changed and the histogram of the image can be controlled to 
obtain more desirable brightness characteristics with ease of use comparable to the methods used for 
monochrome (gray scale) image signals in conventional devices. The invention can therefore be used with 
immediate and beneficial results adjusting the image brightness in color printers and other devices with a 
limited (narrow) dynamic range, as well as under extremely wide dynamic range situations created by 

20 strong backlighting when recording with a video camera. 

The effect of brightness control with the present invention is natural and significant, leading to a wide 
range of other potential applications. 

The invention being thus described, it will be obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the spirit and scope of the invention, and all such 

25 modifications as would be obvious to one skilled in the art are intended to be included within the scope of 
the following claims. 

Claims 

30 1. A gradation correction method comprising the steps of: 

(a) obtaining an original luminance signal, which is before gamma conversion, from R, G, and B 
input signals; 

(b) gamma converting said original luminance signal according to a predetermined gradation 
characteristics for obtaining a gamma converted luminance signal; 

35 (c) multiplying a ratio of the gamma converted luminance signal to the original luminance signal by 

each of the R, G, and B input signals for obtaining primary gradation-corrected R, G, and B signals; 
(d) adding a difference between each of the R, G, and B input signals and the original luminance 
signal to the gamma converted luminance signal for obtaining secondary gradation-corrected R, G, 
and B signals; and 

40 (e) obtaining a final gradation-corrected R, G, and B signals based on said primary and secondary 

gradation-corrected R, G, and B signals. 

2. A gradation correction method as claimed in claim 1, wherein said step (e) obtains the final gradation- 
corrected R, G, and B signals by interpolation from the primary and secondary gradation -corrected R, 

45 G, and B signals depending on the value of the original luminance signal. 

3. A gradation correction apparatus for processing R, G, and B input signals, comprising: 

a luminance signal conversion means for obtaining the original luminance signal, which is before 
gamma conversion, from the input signals; 
so a luminance gamma conversion means for gamma converting said original luminance signal to the 

desired gradation characteristics to obtain a gamma converted luminance signal; 

a correction coefficient calculation means for obtaining a ratio of the gamma converted luminance 
signal to the original luminance signal; 

a first RGB operation means for multiplying said ratio by each of the R, G, and B input signals for 
55 obtaining primary gradation-corrected R, G, and B signals; 

a color difference signal operation means for producing a difference between each of the R, G, and 
B input signals and the original luminance signal; 

a second RGB operation means for adding the gamma converted luminance signal to each of said 
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difference for obtaining secondary gradation-corrected R, G, and B signals; and 

an RGB determination means for obtaining final gradation-corrected R, G, B signals based on said 
primary and secondary gradation-corrected R, G, and B signals. 

5 4. A gradation correction apparatus according to Claim 3, wherein said RGB determination means obtains 
the final gradation-corrected R, G, B signals by interpolation from said primary and secondary 
gradation-corrected R, G, and B signals depending on the value of the original luminance signal. 

5. A gradation correction method comprising the steps of: 
w (a) obtaining an original luminance signal and first and second original color difference signals; 

(b) gamma converting said original luminance signal according to a predetermined gradation 
characteristics for obtaining a gamma converted luminance signal; 

(c) multiplying a ratio of the gamma converted luminance signal to the original luminance signal by 
each of the first and second original color difference signals for obtaining first and second primary 

75 gradation-corrected color difference signals; and 

(d) obtaining first and second final gradation-corrected color difference signals based on said first 
and second primary gradation-corrected color difference signals and said first and second original 
color difference signals. 

20 6. A gradation correction method as claimed in claim 5, wherein said step (d) obtains the final gradation- 
corrected color difference signal by interpolation from the primary gradation-corrected color difference 
signals and said original color difference signals depending on the value of the original luminance 
signal. 

25 7. A gradation correction method comprising the steps of: 

(a) obtaining an original luminance signal and two-phase modulated original chroma signal; 

(b) gamma converting said original luminance signal according to a predetermined gradation 
characteristics for obtaining a gamma converted luminance signal; 

(c) multiplying a ratio of the gamma converted luminance signal to the original luminance signal by 
30 said original chroma signal for obtaining a primary gradation-corrected chroma signal; and 

(d) obtaining final gradation-corrected chroma signal based on said primary gradation-corrected 
chroma signal and said original chroma signal. 

8. A gradation correction method as claimed in claim 7 t wherein said step (d) obtains the final gradation- 
35 corrected chroma signal by interpolation from said primary gradation-corrected chroma signal and said 

original chroma signal depending on the value of the original luminance signal. 

9. A gradation correction apparatus for processing an input luminance signal and first and second input 
color difference signals comprising: 

40 a luminance gamma conversion means for gamma converting said input luminance signal to the 

desired gradation characteristics to obtain a gamma converted luminance signal; 

a correction coefficient calculation means for obtaining a ratio of the gamma converted luminance 
signal to the input luminance signal; 

a color difference conversion means for multiplying each of said first and second color difference 
45 signals by said ratio for obtaining first and second primary gradation-corrected color difference signals 

and 

a color difference determination means for obtaining first and second final gradation-corrected color 
difference signals based on said first and second primary gradation-corrected color difference signals 
and said first and second input color difference signals. 

50 

10. A gradation correction apparatus according to Claim 9, wherein said color difference determination 
means obtains the final gradation-corrected color difference signals by interpolation from said first and 
second primary gradation-corrected color difference signals and said first and second input color 
difference signals depending on the value of the input luminance signal. 

55 

11. A gradation correction apparatus for processing an input luminance signal and an input chroma signal 
comprising: 

a luminance gamma conversion means for gamma converting said input luminance signal to the 
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desired gradation characteristics to obtain a gamma converted luminance signal; 

a correction coefficient calculation means for obtaining a ratio of the gamma converted luminance 
signal to the input luminance signal; 
. a chrominance conversion means for multiplying said input chroma signal with said ratio for 
5 obtaining primary gradation-corrected chroma signals; and 

a chrominance determination means for obtaining final gradation-corrected chroma signal based on 
said primary gradation-corrected chroma signal and said input chroma signal. 

12. A gradation correction apparatus according to Claim 11, wherein said chrominance determination 
10 means obtains the final gradation-corrected chroma signal by interpolation from said primary gradation- 

corrected chroma signal and said input chroma signal depending on the value of the input luminance 
signal. 
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© Gradation correction method and apparatus. 



CO © A gradation correction apparatus for processing 
^ R, G, and B input signals includes a luminance 
q signal conversion device for obtaining the original 
O luminance signal, which is before gamma conver- 
r- sion, from the input signals, a luminance gamma 
(V) conversion device for gamma converting the original 
CO luminance signal to the desired gradation char- 
W acteristics to obtain a gamma converted luminance 
© signal, a correction coefficient calculation means for 

obtaining a ratio of the gamma converted luminance 
fri signal to the original luminance signal, a first RGB 

operation means for multiplying the ratio by each of 



the R, G, and B input signals for obtaining primary 
gradation -corrected R, G, and B signals; a color 
difference signal operation means for producing a 
difference between each of the R, G, and B input 
signals and the original luminance signal; a second 
RGB operation means for adding the gamma con - 
verted luminance signal to each of the difference for 
obtaining secondary gradation - corrected R t G, and 
B signals; and an RGB determination means for 
obtaining final gradation - corrected R, G, B signals 
based on the primary and secondary gradation - 
corrected R, G, and B signals. 
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